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DETAILED ACTION 

Continued Examination Under 37 CFR 1.114 

1 . A request for continued examination under 37 CFR 1.114, including the fee set forth in 
37 CFR 1.17(e), was filed in this application after final rejection. Since this application is 
eUgible for continued examination under 37 CFR 1.114, and the fee set forth in 37 CFR 1.17(e) 
has been timely paid, the finality of the previous Office action has been withdrawn pursuant to 
37 CFR 1.1 14. Applicant's submission filed on 09/10/2009 has been entered. 

Claim Objections 

2. Claims 1-18 and 20 are objected to because of the following informalities: 

3. Claim 1 recites the limitation 'the doping concentration" in the 4*'' last line of the claim 
and it is suggested to change this limitation to "a doping concentration". 

4. Claim 1 recites the limitation 'the part of the drift region adjacent to the body" in the 4^ 
and 3'^'* last lines of the claim and it is suggested to change this limitation to "a part of the drift 
region adjacent to the body". 

5. Claim 1 recites the limitation 'the part of the drift region adjacent to the drain region" in 
the 3'^'' and 2°'' last lines of the claim and it is suggested to change this limitation to "a part of the 
drift region adjacent to the drain region". 

6. Claim 3 recites the limitation 'the gap" in the 2°'* last line of the claim and it is suggested 
to change this limitation to "a gap". 
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7. Claim 3 recites the limitation 'the sidewalls" in the 2°'* and 3rd last lines of the claim and 
it is suggested to change this limitation to "sidewalls". 

8. Claim 8 recites the limitation 'the doping" in the 2°'' last line of the claim and it is 
suggested to change this limitation to "a doping concentration". 

9. Claim 9 recites the limitations 'the thickness" in the 2°'' last and the last lines of the claim 
and it is suggested to change these limitations to "a thickness". 

10. Claim 15 recites the limitation 'the part of the drift region adjacent to the body region" in 
the 4*'' last line of the claim and it is suggested to change this limitation to "a part of the drift 

region adjacent to the body region". 

1 1 . Claim 15 recites the limitation 'the part of the drift region adjacent to the drain region" in 
the 4th and 3rd last lines of the claim and it is suggested to change this limitation to "a part of the 
drift region adjacent to the drain region". 

12. Claim 20 recites the limitation 'the gap" in the 2°'* last line of the claim and it is 
suggested to change this limitation to "a gap". 

1 3 . Claim 20 recites the limitation 'the sidewalls" in the 4th last line of the claim and it is 
suggested to change this limitation to "sidewalls". 

14. Claims 2, 4-7, 10-14, and 16-18 are rejected because they depend on the rejected claims 1 
and 15. 

Appropriate correction is required. 



Claim Rejections - 35 USC § 112 
15. The following is a quotation of the first paragraph of 35 U.S. C. 112: 
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The specification shall contain a written description of the invention, and of the manner and process of making 
and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and use the same and shall set forth the best mode 
contemplated by the inventor of carrying out his invention. 

16. Claims 15-18 are rejected under 35 U.S.C. 1 12, first paragraph, as failing to comply with 
the written description requirement. The claim(s) contains subject matter which was not 
described in the specification in such a way as to reasonably convey to one skilled in the relevant 
art that the inventor(s), at the time the application was filed, had possession of the claimed 
invention. Claim 15 recites "the doping concentration in the part of the drift region adjacent to 
the drain region being at least an order of magnitude greater than the doping concentration in the 
part of the drift region adjacent to the body region", which has a scope not fully support by the 
original disclosure. The specification indicates that the doping concentration in the drift region 
is such that the doping concentration adjacent to the drift region is higher than the doping 
concentration adjacent to the body region by a factor of at least 50 [page 3 lines 6-10], at least 
ICQ [page 3 Unes 14-19], at least 200 [page 3 lines 14-19], 100 [page 9 lines 12-18; page 10 
lines 1-6], or 200 [page 7 lines 21-26]. The limitation "at least an order of magnitude greater 
than" does not have the full support from the original disclosure because it has a scope broader 
than the scopes in the original disclosure. Claims 16-18 are rejected because they depend on the 
rejected claim 15. 

17. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

18. Claims 5-6 and 10 are rejected under 35 U.S.C. 1 12, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 
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19. Claim 5 recites the limitation "the surface" in the last line of the claim. There is 
insufficient antecedent basis for this limitation in the claim. 

20. Claim 10 recites the limitation "the cell pitch" in the first two lines of the claim. There is 
insufficient antecedent basis for this limitation in the claim. 

2 1 . Claim 6 is rejected because it depends on the rejected claim 5 . 



Claim Rejections - 35 USC § 103 

22. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained iliough the eniion is noi ideiuieally diselosed or described as set forth in 
seetion 102 of this title, if the dit't'erenees between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

23. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 
(1966), that are applied for establishing a background for determining obviousness under 35 
U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating obviousness 
or nonobviousness. 

24. Claims 1, 4-7, 9-10, and 12-19 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Omura et al. (EP 1 168455 A2) as can be understood since claims 5-6, 10, and 15-18 have 



been rejected under 35 U.S.C. 1 12. 
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25. Regarding claim 1, Omura et al. teach an insulated gate field effect transistor (power 
semiconductor switching element; [0001]), comprising: a semiconductor body (11, 12, 13 and 
14; Fig. 2, paragraph [0023]) having opposed first and second major surfaces (the top surface of 
13 and the bottom surface of 1 1; Fig. 2); a source region (source layer 14; Fig. 2, paragraph 
[0023]) of a first conductivity type (n-type; paragraph [0023]) at the first major surface (the top 
surface of 13); a body region (well layer 13; Fig. 2, paragraph [0023]) of a second conductivity 
type (p-type) opposite to the first conductivity type (n-type) under the source region (14; see Fig. 
2); a drift region (drift layer 12; Fig. 2, paragraph [0023]) of the first conductivity type (n-type; 
paragraph [0023]) under the body region (13; see Fig. 2); a drain region (semiconductor substrate 
11; Fig. 2, paragraph [0023]) of the first conductivity type (n-type) under the drift region (12; see 
Fig. 2), so that the source (14), body (13), drift (12) and drain regions (1 1) extend in that order 
from the first major surface (the top surface of 13) towards the second major surface (the bottom 
surface of 1 1); and insulated trenches (trench 15; Fig. 2, paragraph [0024]) extending from the 
first major surface (the top surface of 13) towards the second major surface (the bottom surface 
of 1 1) past the source region (14) and the body region (13) into the drift region (12), each 
insulated trench (15) having sidewalls (see Fig. 2), and including insulator (first insulating film 
16 and second insulating film 18; Fig. 2, paragraph [0024]) on the sidewalls (see Fig. 2), at least 
one conductive gate electrode (gate electrode 19; Fig. 2, paragraph [0024]) adjacent to the body 
region (13) separated from the body region (13) by a gate insulator (second insulating film 18; 
Fig. 2, paragraph [0024]), and at least one conductive field plate electrode (buried electrode 17; 
Fig. 2, paragraph [0024]) adjacent to the drift region (12) separated from the drift region (12) by 
a field plate insulator (first insulating film 16; Fig. 2, paragraph [0024]), and a gate-field plate 
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insulator (18) separating the conductive field plate electrode (17) from the conductive gate 
electrode (19), wherein the source regions (14) and the insulated trenches (15) define a pattern of 
cells across the first major surface (stripped pattern; Fig. 1, paragraph [0022]); and the doping 
concentration in the drift region (12) increases from the part of the drift region (12) adjacent to 
the body region (13) to the part of the drift region (12) adjacent to the drain region (11; see Fig. 
15B, paragraph [0053]), 

Omura et al. do not teach the gate-field plate insulator (18) being at least as thick as the 
field plate insulator (16), and the doping concenfration in the drift region (12) being at least 50 
times greater adjacent to the drain region (1 1) than adjacent to the body region (1 3). 

Parameters such as the thicknesses of the gate-field plate insulator and the filed plate 
insulator, and the doping concentration in the art of semiconductor manufacturing process are 
subject to routine experimentation and optimization to achieve the desired device performance, 
e.g. ON resistance and switching speed as disclosed by Omura et al. in paragraph [0003] or the 
breakdown voltage and the threshold voltage in paragraph [0065]. Therefore, it would have 
been obvious to one of the ordinary skill in the art at the time the invention was made to 
incorporate the thicknesses of the gate-field plate insulator and the filed plate insulator and the 
doping concenfration within the range as claimed in order to achieve desired device performance. 
26. Regarding claim 4, Omura et al. do not teach an insulated gate field effect transistor 
according to claim 1 wherein a breakdown voltage of the insulated gate field effect transistor is 
less than or equal to 30V. 
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Omura et al. teach a device with a breakdown vohage of 50V (paragraph [0045]). Omura 
et al. also teach that the breakdown voltage and the ON resistance satisfy the inequality: Ron < 
2.2 X 10"^ 

Parameters such as the breakdown voltage and the ON resistance in the art of 
semiconductor manufacturing process are the tradeoff between the device's performance and 
reliability and are subject to changes due to the requirement of the application, e.g. whether the 
performance (lower ON resistance) is more important than the reliability (higher break down 
voltage). Therefore, it would have been obvious to one of the ordinary skill in the art at the time 
the invention was made to lower the breakdown voltage to less than or equal to 30V as claimed 
in order to achieve a lower ON resistance to improve device performance. 

27. Regarding claim 5, Omura et al. also teach an insulated gate field effect transistor 
according to claim 1 wherein the pattem of cells defined by the source regions (14) and the 
insulated trenches (15) arranged across the first major surface (the top surface of 13) is a pattem 
in which cells repeat in more than one direction across the surface to form a three-dimensional 
cell structure (see Fig. 25). 

28. Regarding claim 6, Omura et al. also teach an insulated gate field effect transistor 
according to claim 5 wherein the cells are arranged in a hexagonal pattem (see Fig. 25) 

29. Regarding claim 7, Omura et al. also teach an insulated gate field effect transistor 
according to claim 1 fiirther comprising an additional trench (the trench formed between the 
interlevel dielectric films 22; Fig. 4; paragraph [0026]) filled with conductive material (the 
conductive material of the source electrode 21; Fig. 4, paragraph [0026]) extending through the 
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source region (14) to the body region (13) to connect a source contact (source electrode 21) to 
the source region (14) and the body region (13; see Fig. 4). 

30. Regarding claim 9, Omura et al. also teach an insulated gate field effect transistor 
according to claim 1 wherein the thickness of the insulator (16; Fig. 2) adjacent to the conductive 
field plate electrode (17) is greater than the thickness of the insulator (18) adjacent to the 
conductive gate electrode (19; see Fig. 2, paragraph [0031]). 

3 1 . Regarding claim 10, Omura et al. do not teach an insulated gate field effect transistor 
according to claim 1 wherein the cell pitch is not greater than 1 micron. 

Parameters such as the cell pitch in the art of semiconductor manufacturing process are 
subject to change due to the requirement of the device performance. Therefore, it would have 
been obvious to one of the ordinary skill in the art at the time the invention was made to use a 
cell pitch not greater than 1 micron as claimed to achieve the required performance. 

32. Regarding claim 12, Omura et al. do not teach an insulated gate field effect transistor 
according to claim 1 wherein the field plate insulator (16) has a thickness between 0.6 to 1 
microns and the gate insulator (18) has a thickness between 0.2 to 0.5 microns. 

Omura et al. teach that the thickness of the field plate oxide (16) is determined by the 
breakdown voltage and the thickness of the gate oxide (18) is determined by the threshold 
voltage (paragraph [003 1]) Therefore, it would have been obvious to one of the ordinary skill in 
the art at the time the invention was made to have the thickness of the field plate oxide and the 
thickness of the gate oxide as claimed as a result of achieving a desired or required breakdown 
voltage and threshold voltage. 
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33. Regarding claim 13, Omura et al. also teach an insulated gate field effect transistor 
according to claim 1 wherein the conductive field plate electrode (17) is connected to the source 
region (21; Fig. 3, paragraph [0026]) 

34. Regarding claim 14, Omura et al. also teach an insulated gate field effect transistor 

according to claim 1 further comprising a field plate terminal connected to the conductive field 
plate electrode for controlling a field plate voltage independently (this is implied in the paragraph 
[0027], where Omura et al. disclose a voltage applied to each buried electrode 17, which 
obviously need a terminal connected to the buried electrode 17 to control the voltage). 

35. Regarding claim 15, Omura et al. teach an insulated gate field effect transistor (power 
semiconductor switching element; [0001]), comprising: a semiconductor body (11, 12, 13 and 
14; Fig. 2, paragraph [0023]) having opposed first and second major surfaces (the top surface of 
13 and the bottom surface of 1 1; Fig. 2); a source region (source layer 14; Fig. 2, paragraph 
[0023]) of a first conductivity type (n-type; paragraph [0023]) at the first major surface (the top 
surface of 13); a body region (well layer 13; Fig. 2, paragraph [0023]) of a second conductivity 
type (p-type) opposite to the first conductivity type (n-type) under the source region (14; see Fig. 
2); a drift region (drift layer 12; Fig. 2, paragraph [0023]) of the first conductivity type (n-type; 
paragraph [0023]) under the body region (13; see Fig. 2); a drain region (semiconductor substrate 
11; Fig. 2, paragraph [0023]) of the first conductivity type (n-type) under the drift region (12; see 
Fig. 2), so that the source (14), body (13), drift (12) and drain regions (1 1) extend in that order 
from the first major surface (the top surface of 13) towards the second major surface (the bottom 
surface of 1 1); and insulated trenches (trench 15; Fig. 2, paragraph [0024]) extending from the 
first major surface (the top surface of 13) towards the second major surface (the bottom surface 
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of 1 1) past the source region (14) and the body region (13) into the drift region (12), each 
insulated trench (15) having sidewalls (see Fig. 2), and including insulator (first insulating film 
16 and second insulating film 18; Fig. 2, paragraph [0024]) on the sidewalls (see Fig. 2), at least 
one conductive gate electrode (gate electrode 19; Fig. 2, paragraph [0024]) adjacent to the body 
region (13) separated from the body region (13) by a gate insulator (second insulating film 18; 
Fig. 2, paragraph [0024]), and at least one conductive field plate electrode (buried electrode 17; 
Fig. 2, paragraph [0024]) adjacent to the drift region (12) separated from the drift region (12) by 
a field plate insulator (first insulating film 16; Fig. 2, paragraph [0024]), and a gate-field plate 
insulator (18) separating the conductive field plate electrode (17) from the conductive gate 
electrode(19), wherein the source regions (14) and the insulated trenches (15) define a pattern of 
cells across the first major surface (stripped pattern; Fig. 1, paragraph [0022]); and wherein the 
drift region (12) has a graded doping concenfration (see Fig. 15B) that increases from the part of 
the drift region (12) adjacent to the body region (13) to the part of the drift region (12) adjacent 
to the drain region (11; see Fig. 15B). 

Omura et al. do not teach the gate-field plate insulator (18) being thicker than the field 
plate insulator (16), the doping concentration in the part of the drift region (12) adjacent to the 
drain region (11) being at least an order of magnitude greater than the doping concentration in 
the part of the drift region (12) adjacent to the body region (13). 

Parameters such as the thicknesses of the gate-field plate insulator and the filed plate 
insulator, and the doping concentration in the art of semiconductor manufacturing process are 
subject to routine experimentation and optimization to achieve the desired device performance, 
e.g. ON resistance and switching speed as disclosed by Omura et al. in paragraph [0003] or the 
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breakdown voltage and the threshold voltage in paragraph [0065]. Therefore, it would have 
been obvious to one of the ordinary skill in the art at the time the invention was made to 
incorporate the thicknesses of the gate-field plate insulator and the filed plate insulator and the 
doping concentration within the range as claimed in order to achieve desired device performance. 

36. Regarding claims 16-17, Omura et al. teach the doping concentration (Fig. 15B), the drift 
region (12), the drain region (1 1), the body region (13). 

Omura et al. do not teach, regarding to claim 16, wherein the doping concentration in the 
part of the drift region adjacent to the drain region is at least 50 times greater than the doping 
concentration in the part of the drift region adjacent to the body region, regarding to claim 17, 
the doping concentration in the part of the drift region adjacent to the drain region is at least ICQ 
times greater than the doping concentration in the part of the drift region adjacent to the body 
region. 

Parameters such as the doping concentration in the art of semiconductor manufacturing 
process are subject to routine experimentation and optimization to achieve the desired device 
performance, e.g. ON resistance and switching speed as disclosed by Omura et al. in paragraph 
[0003], or the breakdown voltage and the threshold voltage in paragraph [0065]. Therefore, it 
would have been obvious to one of the ordinary skill in the art at the time the invention was 
made to incorporate the doping concentration within the range as claimed in order to achieve 
desired device performance. 

37. Regarding claim 18, Omura et al. teach fiirther comprising a source contact (source 
electrode 21; Fig. 4, paragraph [0026]) and an additional trench (the trench formed between the 
interlevel dielectric films 22; Fig. 4; paragraph [0026]) filled with conductive material (the 
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conductive material of the source electrode 21; Fig. 4, paragraph [0026]), the additional trench 
(the trench formed between the interlevel dielectric films 22) extending through the source 
region (14) to the body region (13), the conductive material in the additional trench (the 
conductive material of the source electrode 21 in the trench) connecting the source contact (21) 
to the source region (14) and to the body region (13). 

38. Regarding claim 19, Omura et al. teach an insulated gate field effect transistor (power 
semiconductor switching element; [0001]), comprising: a semiconductor body (11, 12, 13 and 
14; Fig. 2, paragraph [0023]) having opposed first and second major surfaces (the top surface of 
13 and the bottom surface of 1 1; Fig. 2); a source region (source layer 14; Fig. 2, paragraph 
[0023]) at the first major surface (the top surface of 13), a body region (well layer 13; Fig. 2, 
paragraph [0023]) under the source region (14), a drift region (drift layer 12; Fig. 2, paragraph 
[0023]) under the body region (13), and a drain region (semiconductor substrate 11; Fig. 2, 
paragraph [0023]) under the drift region (12), the drift region (12) having a doping concentration 
(see Fig. 15B) that increases from a part of the drift region (12) adjacent to the body region (13) 
to a part of the drift region (12) adjacent to the drain region (1 1); and a plurality of insulated 
trenches (trench 15; Fig. 2, paragraph [0024]) extending from the first major surface (the top 
surface of 13) into the drift region (12), each of the insulated trenches (15) including at least one 
conductive gate electrode (gate electrode 19; Fig. 2, paragraph [0024]) adjacent to the body 
region (13) and separated from the body region (13) by a gate insulator (second insulating film 
18; Fig. 2, paragraph [0024]), at least one conductive field plate electrode (buried electrode 17; 
Fig. 2, paragraph [0024]) adjacent to the drift region (12) and separated from the drift region (12) 
by a field plate insulator (first insulating film 16; Fig. 2, paragraph [0024]), and a gate-field plate 
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insulator (18) separating the conductive field plate electrode (17) from the conductive gate 
electrode (19), wherein the source regions (14) and the insulated trenches (15) define a pattern of 
cells across the first major surface (stripped pattern; Fig. 1, paragraph [0022]). 

Omura et al. do not teach, the doping concentration in the drift region (12) being at least 
50 times greater adjacent to the drain region (1 1) than adjacent to the body region (13) and the 
gate-field plate insulator (18) being at least as thick as the field plate insulator (16). 

Parameters such as the thicknesses of the gate-field plate insulator and the filed plate 
insulator, and the doping concentration in the art of semiconductor manufacturing process are 
subject to routine experimentation and optimization to achieve the desired device performance, 
e.g. ON resistance and switching speed as disclosed by Omura et al. in paragraph [0003] or the 
breakdown voltage and the threshold voltage in paragraph [0065]. Therefore, it would have 
been obvious to one of the ordinary skill in the art at the time the invention was made to 
incorporate the thicknesses of the gate-field plate insulator and the filed plate insulator and the 
doping concentration within the range as claimed in order to achieve desired device performance. 
39. Claims 2 and 11 are rejected under 35 U.S. C. 103(a) as being unpatentable over Omura 
et al. as applied to claim 1 above, and fiirther in view of Onda et al. ("SIC Integrated MOSFETs" 
Physica Status Solidi (A), Applied Research, Berlin, DE, vol. 162, no. 1, 16 July 1997, pages 
369-388). 

Omura et al. teach, regarding to claim 11, the first conductivity type is n-type (the 
conductivity type of the source region; paragraph [0023]), the second conductivity type is p-type 
(the conductivity type of the body region; paragraph [0023]). 
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Omura et al. do not teach, regarding to claim 2, the conductive gate electrode is of 
conductive semiconductor doped to be the second conductivity type (i.e. p-type), and regarding 
to claim 11, the conductive gate electrode is of p-type doped polysihcon. 

In the same field of endeavor of semiconductor device, Onda et al. teach the conductive 

gate electrode is a p-type doped polysilicon (Fig. 1, page 371 line 27). Onda et al. also teach that 
p-type polysilicon is used to form an accumulation mode SiC trench MOSFET (page 371, lines 
23-43). 

It would have been obvious to one of ordinary skill in the art at the time of invention was 

made to combine the inventions of Omura et al. and Onda et al. and use the gate taught by Onda 
et al., because an accumulation mode SiC trench MOSFET can be formed as taught by Onda et 
al. 

40. Claims 3 and 20 are rejected under 35 U.S. C. 103(a) as being unpatentable over Omura 

et al. as applied to claims land 19 above, and further in view of Miyano et al. (JP 40321 1 885 A). 

Regarding claims 3 and 20, Omura et al. teach the conductive gate electrode and the 
insulated trench. 

Omura et al. do not teach, regarding to claim 3, the conductive gate electrode has side 

pieces spaced apart adjacent to the sidewalls on either side of the insulated trench and a top piece 
spanning the gap between the side pieces, and regarding to claim 20, the conductive gate 
electrode in each of the insulated trenches includes two vertical side pieces spaced apart from 
each other and adjacent to the sidewalls on either side of the insulated trench, and a horizontal 
top piece spanning the gap between and connecting the two side pieces. 
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In the same field of endeavor of semiconductor device, Miyano et al. teach, regarding to 
claim 3, the conductive gate electrode (gate electrode 3; Fig. 1, [AppHcation example]) has side 
pieces (the left side and the right pieces with deeper depth) spaced apart adjacent to the sidewalls 
on either side of the insulated trench (a trench; Fig. 1 and 2, [Application example]) and a top 
piece spanning the gap between the side pieces (see Fig. 1 of the middle portion of gate electrode 
3 with shallower depth than the left side and the right side pieces), and regarding to claim 20, the 
conductive gate electrode (gate electrode 3; Fig. 1, [Application example]) in each of the 
insulated trenches (a trench; Fig. 1 and 2, [Application example]) includes two vertical side 
pieces (the left side and the right pieces with deeper depth) spaced apart from each other and 
adjacent to the sidewalls on either side of the insulated trench (a trench; see Fig. 1 and 2, 
[Application example]), and a horizontal top piece spanning the gap between and connecting the 
two side pieces (see Fig. 1 of the middle portion of gate electrode 3 with shallower depth than 
the left side and the right side pieces). 

Miyano et al. also teach the shape of the gate reduces the capacitance between the gate 
and the drain, i.e. the bottom structure, and a high speed operation can be performed 
([Operation]). 

It would have been obvious to one of ordinary skill in the art at the time of invention was 
made to combine the inventions of Omura et al. and Miyano et al. and use the gate taught by 
Miyano et al, because the speed of the device can be improved as taught by Miyano et al. 
41 . Claim 8 is rejected under 35 U.S.C. 103(a) as being unpatentable over Omura et al. as 
applied to claim 7 above, and fiirther in view of Hshieh et al. (US 2001/0003367 Al). 
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Regarding claim 8, Omura et al. do not teach a doped contact region of the second 
conductivity type in the body region in contact with the conductive material in the additional 
trench, the doping concentration in the doped contact region being higher than the doping in the 
rest of the body region. 

In the same field of endeavor of vertical transistors, Hshieh et al. teach a doped contact 
region (P+ region 138; Fig. 2, paragraph [0025]) of the second conductivity type (p type) in the 
body region (in the P-body region; Fig. 2, paragraph [0025]) in contact with the conductive 
material (source metal layer 160; Fig. 2, paragraph [0025]) in the additional trench (source 
contact openings 150; Fig. 2, paragraph [0025]), the doping concentration in the doped contact 
region being higher than the doping in the rest of the body region (the doping concentration of 
P+ region is higher than P region). Hshieh et al. also teach the doped contact region 138 is used 
to reduce the parasitic resistance (paragraph [0025]). 

It would have been obvious to one of ordinary skill in the art at the time of invention was 
made to combine the inventions of Omura et al. and Hshieh et al. and use the doped contact 
region taught by Hshieh et al., because the parasitic resistance can be reduced as taught by 
Hshieh et al. 

Response to Arguments 

42. Applicant's amendments, filed 09/10/2009, overcome the objections to claims 1 1 and the 
rejections to claims 15-18 under 35 U.S.C. 1 12. The objections to claims 1 1 and the rejections to 
claims 15-18 under 35 U.S.C. 112 have been withdrawn. 
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43. Applicant's arguments filed 09/10/2009 have been fiiUy considered but they are not 
persuasive. 

44. On pages 7-9 of Applicant's Response, Applicant argues that the '455 reference fails to 
correspond to aspects of the claimed invention directed to the thickness of the gate-field plate 
insulator being greater than or equal to the thickness of the field plate insulator. The '455 
reference teaches that the insulator between buried electrode 17 and gate electrode 19 (second 
insulating film 18) has a thickness between 400 to 450 A, whereas the insulator (first insulating 
fihn 16) for buried electrode 17 has a thickness of 3000 A. Thus by expressly teaching that film 
16 should be thicker than film 1 8, the '455 reference teaches away from the thickness of the gate- 
field plate insulator being greater than or equal to the thickness of the field plate insulator, as in 
the claimed invention. 

45. The Examiner respectfiiUy disagrees with Applicant's argument, because the '455 
reference teaches that the thickness of the gate-field plate insulator 1 8 is determined by a 
threshold voltage and the thickness of the field plate insulator 1 6 is determined by a breakdown 
voltage, i.e. the thicknesses of these two layers depend on the application and for some 
applications (e.g. high threshold voltage and low breakdown voltage), the thickness of the gate- 
field plate insulator can be greater than or equal to the thickness of the filed plate insulator 
(paragraph [003 1]). Although the '455 reference mentions 400 to 450A and 3000 A, they are 
given as examples (paragraph [0031]). The '455 reference also mentions the field plate insulator 
16 is preferably thicker than the gate-field plate insulator 18, but '455 reference does not forbid 
using a device with the field plate insulator 16 thinner than the gate-field plate insulator 18 
([paragraph [0031]). Thus the '455 reference does not teach away fi"om the invention. 



Application/Control Number: 1 0/5 80,625 Page 1 9 

Art Unit: 2811 

46. On page 9 of Applicant's Response, Applicant argues that the cited portions of the '455 
reference do not provide any indication regarding the actual level of impurity concentration in 
drift layer 12 near well layer 13 relative to the actual level of impurity concentration in drift layer 
12 near substrate 1 1, let alone teach that the doping concentration in the drift region has a steeply 
graded concentration gradient as in the claimed invention. Accordingly, the rejections are 
improper and Applicant requests that they be withdrawn. 

47. The Examiner respectfiiUy disagrees with Applicant's argument, because the '455 
reference teaches that the doping concentration has a graded concentration (Figs 16A to 16C) but 
does not teach the actual level. Finding the actual level is considered as a process of 
optimization and does not have a patentable weight. 

48. On page 10 of Applicant's Response, Applicant argues that the Office Action, however, 
has not provided any evidence that replacing the '455 reference's gate electrode 19 with the '855 
reference's gate electrode 3 would reduce the capacitance between the electrode and substrate 1 1 
in the device of the '455 reference. As such, the Office Action's assertion that the combination 
would reduce the capacitance between gate 19 and substrate 1 1 are speculative at best. 

49. The Examiner respectfiiUy disagrees with Applicant's argument, because It would have 
been obvious to one of ordinary skill in the art at the time of invention was made to know that 
the '855 reference teaches the capacitance between the gate electrode 3 and the drain region 1 1 
which corresponds to the capacitance between the gate electrode 19 and the buried electrode 17. 
Thus '855 reference teaches that the reduction in capacitance between the gate electrode 3 and 
the drain region 1 1 can improve the device speed, then the reduction in capacitance between the 
gate electrode 19 and the buried electrode 17 can also improve the speed. It is also well known 



Application/Control Number: 1 0/5 80,625 Page 20 

Art Unit: 2811 

in the art of semiconductor manufacturing that reducing capacitance is the major factor in 
improving the speed of a MOSFET device. 

50. On page 11 of Applicant's Response, Applicant argues that the Office Action improperly 
asserts that source electrode 21 extends in a trench through source layer 14 to well layer 13 in 
'455 reference. As is clearly shown in Figure 4, source layer 14 and well layer 13 each extend to 
the surface of the device where they connect to source electrode 21. As such, the source 
electrode 21 does not extend through source layer 14 to well layer 13 to connect the source 
electrode to the well layer, as does the additional trench filled with conductive material of the 
claimed invention. See, e.g., Applicant's Figure 3. 

5 1 . The Examiner respectfully disagrees with Applicant's argument, because source 
electrode 21 extends horizontally in a trench formed between interlevel dielectric films 22 
through source layer 14 to well layer 13 to connect source electrode 21 to the well layer 13 as 
shown in Fig. 4 of '455 reference. Thus '455 reference still reads on this limitation. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Hsin-Yi (Steven) Hsieh whose telephone number is 571-270- 
3043. The examiner can normally be reached on Monday to Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Lynne A. Gurley can be reached on 571-272-1670. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Lynne A. Gurley/ 

Supervisory Patent Examiner, Art Unit 
2811 

/H. H./ 

Examiner, Art Unit 281 1 
1/30/2010 



